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Abstract 
Usability assessment is an important issue of the development of products and services based on information 
technologies. Questionnaires and scales are valuable instruments to collect large amounts of subjective data from 
users and their application is a reliable technique to assess usability. Furthermore, when considering products and 
services for older adults, the International Classification of Functioning, Disability and Health (ICF) might be used 
as a conceptual model for usability assessment.  
This paper presents the development and validation of the ICF-Usability Scale (ICF-US), an instrument 
supported by concepts and terminologies related to ICF and that is part of a comprehensive framework for the 
design, development and evaluation of ambient assisted living products and services for older adults.  
The methodology that has been followed in the study reported by this paper comprises two phases: the 
development and the validation phases. The last phase consisted in an observational study performed in a nursing 
home involving 32 adults and its results suggest acceptable reliability and validity values for the ICF-US.  
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1. Introduction 
Usability assessment is an important part of the overall development of user interaction mechanisms, which 
consist of interactive cycles of design, prototyping and validation1. The development processes should not only 
focus on adherence to technical and functional specifications in order to guarantee a broad acceptance of the results2. 
Introducing user centered methods ensures that "real products can be used by real people to achieve their tasks in the 
real world"3. 
There are a variety of usability assessment methods for all stages of design and development of products and 
services based on information technologies (IT), from the specification to the final design adjustments4. Certain 
methods rely on usability experts (e.g. inspection methods) while others obtain data from real users (e.g. test or 
inquiry methods)5,6. Questionnaires and scales are the most common inquiry methods5,6. Several questionnaires and 
scales were developed and have been used in the assessment of IT based products and services, as their application 
is fast and inexpensive and allows the collection of large amounts of data. Examples of existing general purpose 
usability questionnaires and scales are the System Usability Scale (SUS)7 and the Post-Study System Usability 
Questionnaire (PSSUQ)8. 
The individual needs, as they can be observed in real life settings, are clearly complex. In particular, user 
interaction is influenced by a wide range of factors distributed across different levels of impact that interact with 
each other continuously and in subtle ways9. These include personal, behavioral, social and environmental factors. 
Sixsmith and colleagues10 developed an ecological model for guiding user research of services supporting 
individuals with dementia that focuses on practical aspects of everyday living, and highlights opportunities for 
technology and design to support activities of daily living. The model is based on the assumption that the activities 
that make up everyday life of an individual are shaped by a range of different factors, including personal factors 
(e.g. functional ability, cognitive ability or psychological characteristics), the individual's immediate environment 
(e.g. support networks, social networks, accommodation and living circumstances) and the wider sociocultural 
context. These factors then interact in an ecological relationship to facilitate or constrain individual’s activities.  
An ecological approach is useful to consolidate the requirements of older adults, because it highlights the impact 
and experience of age-related changes in context, and allows for exploration of how this affects everyday life. 
Contextual factors11 are an important aspect to be addressed when designing and evaluating user interaction 
mechanisms. Therefore, similarly to aforementioned work10, the authors have been developing a comprehensive 
framework for the design, development and evaluation of ambient assisted living products and services for older 
adults12,13, based on the International Classification of Functioning, Disability and Health (ICF)14. 
The endorsement of the ICF by the World Health Organization (WHO) has promoted a paradigm shift in the way 
health and disability are understood and measured15. The ICF describes the positive and negative aspects of the 
interaction between each individual (with a specific health condition) and the respective contextual factors (i.e. 
environmental and personal factors).  
The general objective of ICF is to provide a unified and standardized terminology as well as a conceptual model 
for the description of health and health-related states. The ICF is a hierarchical classification based on the 
perspective of the body, individual and society, organized in two parts: functioning and disability, and contextual 
factors. Each part is also subdivided into two components. The first part, functioning and disability, includes body 
functions and structures, activities and participation. The second part, contextual factors, is divided into personal 
factors and environmental factors14.  
The ICF model allows a complete and multidisciplinary approach focused on the individual16 and, additionally, 
replaces the negative focus of impairment and disability, by a neutral perspective embracing all components that 
promote or hinder the execution of specific functions, both biological and social17. With this paradigm shift, the 
disease is no longer seen as the only responsible for disability and impairments, but as one of the factors influencing 
health, such as environmental factors, social and personal factors18.  
According to ICF, functioning indicates the positive aspects of the interaction between an individual (with a 
particular health condition) and the contextual factors (i.e. environmental and personal factors)14. On the opposite, 
and in a negative perspective, disability is the generic term for disabilities, limitations in activity and restrictions in 
participation. Furthermore, the interaction between health conditions, individuals and the surrounding environment 
assumes a great importance11. The environment is crucial for the attenuation or elimination of the disability caused 
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by injuries that occur as a result of adverse health conditions. According to ICF, an environmental factor is classified 
as a facilitator if contributes to increase performance and participation of the individual. On the other hand, if an 
environmental factor restricts individual's performance and participation, then it is classified as a barrier. Different 
environments can have a distinct impact on the same individual with a specific health condition. An environment 
with barriers restricts the individual's performance and, on the other hand, environments with facilitators improve 
the individual's functioning14. For example, barriers to mobility in the home context (e.g. stairs) may limit the 
individual's abilities to carry out activities. The same happens with the mobility barriers in the community context 
(e.g. irregular sidewalks) that may limit the involvement in community activities19. Conversely, products to support 
mobility (e.g. canes and wheelchairs) may enhance the individual's participation in daily activities by providing 
physical assistance in performing specific tasks. Similarly, transport facilitators (e.g. availability of a car or public 
transport) can enable greater participation in community activities19. This is an inclusive and universal perspective 
that favors all individuals, whether they have a limitation or not20,21.  
Because there are IT based products and services that intent to change the individual's surrounding environments, 
in order to improve the individual's activities and participation22, they should be considered as environmental factors 
according to ICF. In fact, if the individuals are surrounded with products and services tailored to their 
characteristics, they will be able to reach a higher level of functioning. Therefore, ICF can support a holistic 
approach to characterize users, theirs contexts, activities and participation13 and for the evaluation of the impact of 
the environmental factors, namely the usability of IT based products and services. In this context, the authors 
proposed the development of the ICF based Usability Scale (ICF-US), whose development process, including the 
definition and the validation phases, is presented in this paper. 
The paper, in addition to this introductory section, comprises three more sections: Methodology, Results, and 
Discussion and Conclusions. 
2. Methodology 
The methodology that has been followed comprised two different phases: the scale definition (phase I) and the 
scale validation (phase 2). 
2.1. Phase I - Scale Definition 
The definition process of the ICF-US was performed according to international guidelines23 and involved the 
following steps (Figure 1):  
• A literature review on validated usability questionnaires and scales was performed to assess the type and 
content of the questions being used. The review also considered usability principles which allowed the 
systematization of the following principles: use easiness, satisfaction, learning easiness, efficacy, coherence, 
flexibility and familiarity, responsiveness, visibility of the feedback and clarity of the feedback. 
• The construction of the scale was performed by three researchers that analyzed the results of the literature 
review. This allowed the definition of the first version of the ICF-US, which was composed by 10 items and 
a answer key combining barriers and facilitators, according to a numerical scale from -3 to 3. 
• The content validation was evaluated by experts in the area of usability that analyzed the first version of the 
ICF-US aiming to ensure that it measures what is intended to. Each expert classified the different items as 
unnecessary, useful but not essential, useful or essential.  
• The preliminary version of the scale was subjected to a pilot test with a small number of participants from 
the general population and the data collected was used to refine the instrument, in order to obtain its final 
version.  
The complete process took four months, from February until May, 2013. 
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Figure 1. Scale definition workflow. 
2.2. Phase II - Scale Validation 
For the scale validation, an observational study was performed in a church-sponsored charity institution, the 
Santa Casa da Misericórdia de Oliveira do Bairro. The reliability and validity of the ICF-US was based on real data 
collection. This process consisted of a usability assessment of a usability assessment of a web based agenda. The 
usability of the application was evaluated with ICF-US and another two usability scales, SUS and PSSUQ, that were 
validated for European Portuguese, together with a gold standard question.  
The observational study took place between November, 2013, and February, 2014, and comprised two sessions 
separated by 2 to 4 weeks for each participant. The sessions consisted of four parts:  
• Introduction – The evaluator applied a social demographic questionnaire (in the first session of each 
participant) and delivered the session script, explaining orally all information contained therein.  
• Test – The participant performed the tasks described in the session script. 
• Usability assessment instruments – The evaluator assisted the participant filling the ICF-US, SUS and 
PSSUQ instruments, as well as to answer the gold standard question.  
• Summary – The evaluator thanked the contribution of the participant and, if necessary, scheduled another 
session. 
Before data collection a request of study approval was directed to the administration of the Santa Casa da 
Misericórdia de Oliveira do Bairro. All adults able to fill in the instruments used in this usability assessment were 
eligible to participate if they gave written informed consent. The participants received all the information regarding 
the study and their participation before signing the informed consent. 
2.3. Data Analysis 
To describe and characterize the participants that constitute the population sample, central tendency and 
dispersion measures were used, including mean, range and standard deviation.  
The reliability and construct validity were analyzed. Construct validity is the degree to which a test measures 
what it claims, or purposes, to be measuring. For the reliability analysis the ICF-US was applied twice under similar 
conditions to each participant with a 2 to 4 weeks interval. 
The inter-rater reliability was assessed using Intraclass Correlation Coefficient (ICC), which varies between 0 
and 1, and is considered: weak (ICC < 0.4), satisfactory (0.4 ≤ ICC < 0.75), and very good (ICC ≥ 0.75)24. 
The correlation between the ICF and the remaining scales was assessed by a Spearman correlation coefficient. 
The level of significance was set at p < 0.01. 
Statistical analyzes were performed with SPSS - Statistical Package for Social Sciences (SPSS Inc, Chicago). 
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3. Results 
3.1. Phase I - Scale Definition 
The literature review and the construction of the instrument resulted in a 10-item scale. Table 1 shows all the 
items of the scale. 
Table 1. ICF-US items. 
Como classificaria a aplicação quanto: (How would you rate the application regarding:) 
À facilidade de utilização (Ease of use). 
Ao grau de satisfação com a sua utilização (The satisfaction with its use). 
À facilidade de aprendizagem (the learning easiness). 
À obtenção dos resultados esperados (The achievement of expected results). 
À semelhança da forma de funcionamento nas diferentes tarefas (The similarity in the operation mode in the different tasks). 
À possibilidade de interagir de várias formas (The possibility to interact in various ways). 
Ao entendimento das mensagens apresentadas (The understanding of the messages presented). 
Às respostas da aplicação às suas ações (The application responses to your actions). 
Ao saber o que estava a acontecer na aplicação durante a sua utilização (The knowledge of what was happening in the application 
during the utilization). 
Globalmente, considero que a aplicação foi... (Overall, I consider that the application was…) 
 
This ICF-US allows the assessment of the aforementioned usability principles (i.e. use easiness, satisfaction, 
learning easiness, efficacy, coherence, flexibility, familiarity, responsiveness, clarity of the feedback and visibility 
of the feedback). The answer key of the scale was adapted from the first qualifier of the ICF environmental factors 
(i.e. barriers and facilitators). Therefore, each item is classified as a barrier or a facilitator. Since the user must take a 
positive or negative position for each item, the neutral qualifier was removed from the answer key (Table 2). The 
experts agreed that a graduation of -3 barrier to a +3 facilitator would be the most appropriate, making it easier for 
the user to position among small, medium or large barrier or facilitator. 
Table 2. Answer key. 
Barrier Facilitator 
Big 
-3 
Medium 
-2 
Small 
-1 
Small 
1 
Medium 
2 
Big 
3 
 
The content validation was performed by 7 usability experts that analyzed the first version of the ICF-US. In 
general, questions were classified as essential or useful; however four items were considered unclear by the experts. 
To address this issue, some examples were added to each one of the four questions. For example, the item “Como 
classificaria a aplicação quanto à possibilidade de interagir de várias formas” (in English, “How would you rate 
the application regarding the possibility to interact in many ways”) was completed with “por exemplo, teclado, 
toque ou voz” (in English, “for example, keyboard, touch or speech”). The examples are intended to enhance the 
understanding of each item. Table 3 shows the English translation of the problematic items and the examples that 
were added to facilitate the comprehension and understanding of these items. 
Table 3. Problematic items and the examples added. 
Original Item Example added 
The achievement of expected results. For example, I wanted to write a text and managed to do it. 
The similarity in the operation mode in the different tasks. For example, the way I confirm an action is always the same. 
The possibility to interact in various ways. For example, keyboard, touch or speech. 
The understanding of the messages presented. For example, written or audio messages. 
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The new version of the scale was used in a pilot test with 4 participants from the general population in order to 
ensure the correct formulation of questions and the appropriateness of the content, the comprehensibility of the 
language, the sequence of the questions and the adequacy of the presentation format being used. The data collected 
was used to refine the instrument and build the final version. Concerning the version, the questions and examples 
were considered easy to understand. 
3.2. Phase II - Scale Validation 
For the observatory study, the sample was selected according to the following inclusion criteria: age over 18 
years, ability to read, understand and sign the informed consent. The only exclusion criterion was the presence of 
limitation on the upper limb movements because this could affect the interaction with the web application used to 
validate the ICF-US. 
The sample consisted of 32 participants with a mean age of 47 years (DP = 14.6). The sample was mostly female 
(87.5%). The characterization of the sample is described in Table 4. 
Table 4. Sample characterization. 
Participants   32 
Gender n (%) Female 28  (87.5) 
 Male  4 (12.5) 
Age Mean (DP) 47 (14.6) 
 Min - Max 20 – 84 
 
Table 5 presents the number of participants that completed each scale in both the first and second sessions.  
Table 5. Number of participants that completed the scales. 
 
 
 
 
 
 
 
 
The ICC value was 0.46 which indicates a satisfactory inter-rater reliability (CI 95% - 0.10; 0.71). 
The correlation between the ICF-US and the remaining scales was assessed by the Spearman correlation 
coefficient (Table 6) that indicates a higher correlation between the ICF-US and PSSUQ (r = 0.84) than between 
ICF-US and SUS (r = 0.68).  
Table 6. Correlation between the ICF-US and the remaining scales. 
 SUS (Total) PSSUQ (Total) Gold Standard 
ICF-US 0.68a 0.84a 0.84a 
a P < 0.01 
4. Discussion and Conclusions 
This study contributes to the application of the ICF by using its concepts and terminology to create a generic 
usability assessment scale.  
The observational study that was performed and the analysis of the results, including the comparison of ICF-US 
with SUS and PSSUQ, allows the authors to conclude the validity and reliability of ICF-US. Since ICF-US is a 
generic usability scale it can be used regardless the specific characteristics of the products or services. 
 n First Session n Second Session 
SUS 31 31 
PSSUQ 29 31 
ICF-US 28 31 
Gold Standard  31 31 
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When the ICF-US was compared with SUS and PSSUQ, it was verified that there is a correlation between the 
ICF-US and PSSUQ (r = 0.86) (p < 0.01), and between ICF-US and SUS (r = 0.68) (p < 0.01). These correlations 
suggest that the three scales evaluate the same construct and, therefore, ICF-US is valid when compared to both SUS 
and PSSUQ. Surprisingly, the Spearman correlation coefficient is lower for the first comparison (ICF-US versus 
SUS). This is an unexpected result because both SUS and PSSUQ are already established scales. A possible 
explanation for this fact is that SUS has inverse items, one is in the positive sense and the next one is in the negative, 
alternately, and this may have induced filling errors when individuals with low literacy using this scale.  
The results suggest acceptable reliability and validity values for the ICF-US indicating that this instrument may 
be a useful tool for the usability assessment of IT based products and services. The main advantage of using this 
scale instead of other usability scales is the fact that it is based on a conceptual model that is supported by concepts 
and terminologies established by WHO, which means that are universally accepted. This can facilitate a clear 
understanding of what are barriers or facilitators, as well as the consolidation of knowledge, which is essential for 
strategic planners, technological innovators, care providers and users involved in the design and development of IT 
based products and services. 
The translation of the ICF-US to English is being considered as future work. Furthermore, another study is being 
performed to define and evaluate the ICF based Usability Scale II (ICF-US II). The main goal of this second scale is 
to gather additional information in order to understand what should be modified (barriers) and what should be 
established as a good practices (facilitators)13,25,26. The ICF-US and the ICF-US II are part of a comprehensive 
framework for the design, development and evaluation of ambient assisted living products and services for older 
adults12,13,27. Furthermore, in future, the authors also intend to evaluate if the use of the ICF terminology may 
facilitate the communication between the multidisciplinary teams involved in the development of new products and 
services.  
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